Introduction
Idiopathic pulmonary fibrosis (IPF) is defined as a specific form of chronic, progressive, fibrosing interstitial pneumonia of unknown cause that is limited to the lungs [1] . The disease is characterised by progressive worsening of lung function and carries a prognosis that is worse than that of many cancers. According to revised guidelines of the European Respiratory Society (ERS), the American Thoracic Society (ATS) and other societies [1] , revised in 2011, and an update of the ATS/ERS classification of idiopathic interstitial pneumonias in 2013 [2] , the diagnosis of IPF requires exclusion of other known causes of interstitial lung disease (ILD), the presence of a usual interstitial pneumonia (UIP) pattern on high-resolution computed tomography (HRCT) in patients not subjected to SLB, and specific combinations of HRCT and SLB patterns in patients subjected to SLB. IPF predominantly presents in older individuals, with preponderance in men and previous or current smokers. Patients typically have unexplained, chronic and worsening exertional dyspnoea, and commonly exhibit unproductive cough, bibasilar inspiratory crackles and finger clubbing.
Currently, substantial efforts are being made to investigate the efficacy and safety of new drugs for IPF in controlled clinical trials [3] . Meanwhile, however, observational data on the characteristics of patients with IPF outside clinical studies, their management under clinical practice conditions and their long-term outcomes are sparse. In repeated calls for action to establish IPF registries, various authors underlined that improved management of this disease is dependent on better understanding of its epidemiology and diagnostic spectrum, and an analysis of outcomes from emerging therapies [4] [5] [6] .
Registry data can serve further purposes; for example, they can complement the data from RCTs, provide much-needed information on drug utilisation (of particular importance during the introduction of new therapies) and evaluate to what extent guidelines are followed in practice [7, 8] .
The contemporary Investigating Significant Health Trends in Idiopathic Pulmonary Fibrosis (INSIGHTS-IPF) registry was implemented to prospectively and comprehensively assess the characteristics, diagnostic procedures, treatment patterns, quality of life and long-term outcomes of patients with IPF under clinical practice conditions in Germany. Here, the baseline data of a large cohort of >500 patients, which in contrast to clinical trials were not pre-selected, is presented.
Methods
The rationale and design of the INSIGHTS-IPF registry have been described previously in detail [9, 10] . In short, INSIGHTS-IPF is a multicentre, noninterventional study (registry) that documents patients with IPF in routine care. The study was initiated in November 2012 and continues to enrol patients (www.clinicaltrials.gov identifier number NCT01695408).
The study materials were approved by the Ethics Committee of the Medical Faculty, Technical University of Dresden, Dresden, Germany, on September 15, 2012, and by further local ethics committees as per local requirements. The Gesellschaft für Wissenschaftstransfer (GWT-TUD GmbH), a 100% subsidiary of the Technical University of Dresden, sponsored the study. The study was designed and is being supervised by an interdisciplinary steering committee (see author list).
In order to ensure adequate patient numbers per centre and high quality of data, the focus of the study is on specialised lung centres or practices. Currently, 19 pulmonary specialist centres in all parts of Germany are entering data into the registry.
Patients are eligible for documentation if they are aged ⩾18 years, have IPF diagnosed by a physician who follows current international or German national guidelines, and have provided written informed consent. To avoid selection of patients and, thus, violation of the "real-life" principle, no explicit noneligibility criteria were defined. Patients were included in a consecutive manner at each site in order to avoid selection bias.
At baseline, data on demographics, risk factors and comorbidities are collected. Detailed information on IPF as defined in our study is comprised of disease history, diagnostic procedures, and prior and current drug and non-drug treatment. At follow-up visits, every 6±3 months, events such as hospitalisation, disease exacerbation or death are recorded, as well as current management practice.
Predicted percentage values for lung function were calculated on the basis of lung function test results, according to the following established formulas: for total lung capacity and diffusing capacity of the lung for carbon monoxide (DLCO), formulas by CRAPO et al. [11] from 1981 were used; for inspiratory vital capacity (IVC), the formula by QUANJER et al. [12] from 1993 was used; and for forced vital capacity (FVC), forced expiratory volume in 1 s (FEV1) and FEV1/FVC, formulas by QUANJER and co-workers [12, 13] from 1993 and 2012 were applied. In terms of reference values, between 1978 and 2009, no secular trends were observed, and differences between datasets comprising >1000 subjects were small [14] .
Further, in yearly intervals, patient-related outcomes are being documented, including the San Diego Shortness of Breath Questionnaire [15, 16] and the St George's Respiratory Questionnaire (SGRQ) [17] . Scores on the latter range from 0 to 100, with higher scores indicating more limitations (suggested minimally important difference for patients with IPF has been estimated at 5-8 points) [18] .
The GAP point-scoring system (GAP index) is a clinical prediction tool for the prognosis of patients with IPF using gender, age, and two lung physiology variables, FVC and DLCO. Patients were categorised as stage I, II or III, corresponding to an estimated 1-year mortality of 6%, 16% and 39%, respectively [19] .
Data collection and statistical analysis Data collection is performed using an Internet-based case report form (electronic case report form) with automated plausibility checks. On-site monitoring with source data verification is performed in ⩾20% of centres.
Sample size was determined by feasibility aspects and no formal sample size calculation was made. The study uses a non-probability sampling approach.
Categorical data are displayed as absolute and relative frequencies. For continuously distributed data, data following an approximately normal distribution are reported as mean and standard deviation; otherwise, median and interquartile range (IQR) are shown. The analysis was mainly performed descriptively. Characteristics of patients who were enrolled in INSIGHTS-IPF were compared with those in randomised controlled clinical trials (table S1) by a Chi-squared test for categorical variables and a t-test for continuously distributed variables. Data were analysed with STATA 12.1 (StataCorp, College Station, TX, USA).
Results
At interim analysis database lock (October 27, 2014), 19 centres had entered data for 502 patients. All results reported in this article were entered at the time of inclusion of the patients (baseline visit).
Demographics
Baseline characteristics are presented in table 1. All but two patients were Caucasian (99.6%). Substantially more men than women were documented (77.9% versus 22.1%) and patients were predominantly older (mean age 68.7 years). In accordance with the age pattern, the majority of patients were retired (80.0%).
Risk factors and comorbidities
Environmental exposure was reported in 136 patients (27.1% of total). Among those, types of exposure included asbestos in 56 patients, metal dusts in 25, raising birds in 19, wood dusts in 16 and solvents in 18. Interestingly, IPF occurred, on average, 21.3 years after smoking cessation and only 1.0% of the patients were current smokers.
As shown in figure 1, comorbidities were frequent, particularly overweight/obesity (47.8%/26.5%). Pulmonary hypertension was suspected on transthoracic echocardiography in 86 (17.2%) patients; however, the results of right heart catheterisation from 52 of these patients confirmed pulmonary hypertension in 27 (52%) patients only, pre-capillary pulmonary hypertension in 21 (40.4%) and post-capillary pulmonary hypertension in six (11.5%) patients.
On the GAP score, which allows prognostic stratification of patients (n=348 with all necessary values), 21.8% were in stage I, 56.9% in stage II and 21.3% in stage III.
IPF characteristics
On average, the first symptoms had occurred 3.9±4.4 years before inclusion in the registry. Patients' median age at onset of first symptom was 66.3 years (IQR 58-73 years) and age of IPF diagnosis was 68.4 years (IQR 60-74 years). In categorical terms, 26.7% of our patients were newly diagnosed (within 6 months; "incident IPF") and in 73.3%, disease duration was ⩾6 months ("prevalent cases").
Current IPF symptoms are shown in figure 2 . Dyspnoea (85.9%), cough (74.7%) and bibasilar crackles (79.0%) were the most frequently reported signs or symptoms. When evaluating the linkage of clubbing and crackles with lung function and exercise capacity, no clear association was found. However, patients with the absence of both clubbing and crackles compared with those with presence of both findings, had significantly higher % predicted FVC values and a trend to higher 6-min walk distance values but about the same DLCO value (table S2) .
Diagnostic procedures Lung function tests
Lung function tests were a standard procedure and reported in 496 (98.8%) patients in the 12 months before baseline and results were current ( performed 1.1±6.2 months before enrolment). Mean FVC was 72±20 % pred, mean IVC was 72±20 % pred and mean DLCO was 35±15 % pred (table 2) .
Confirmatory procedures for the IPF diagnosis are shown in figure 3 . Multidisciplinary discussion (MDD) was the diagnostic basis in 108 (21.8%) patients. Surgical lung biopsy In order to obtain adequate lung specimen, histology was performed in 171 (34.1%) patients with a median of 1.6 years (IQR 0.3-3.5 years) before enrolment. In 170 patients (one without data), according to current ATS/ ERS criteria [1] , the following patterns were seen: UIP pattern in 141 (82.9%) patients, probable UIP pattern in 14 (8.2%) patients, possible UIP pattern in 12 (7.1%) patients and no UIP pattern in three (1.8%) patients.
High-resolution computed tomography
The combination of HRCT and biopsy was available in 154 patients (table 3) . In this group, the following HRCT patterns were reported: UIP in 62.8% and possible UIP in 37.2%. There was no patient with an inconsistent UIP pattern. The great majority of these cases (144 patients, 93.5%) had a definitive IPF diagnosis, while eight patients were diagnosed with probable IPF (no patient with a possible IPF diagnosis). In these patients, the diagnosis was based on MDD in 16.7% (24 out of 144) and 12.5% (one out of eight), respectively (table S3).
Out of 293 patients in whom IPF diagnosis was based on HRCT and clinical assessment alone, 49 (16.7%) showed a possible UIP pattern on HRCT. Among those, eight (16.3%) patients had a diagnosis based on MDD. 
6-min walking test
The 6-min walking test was performed in all 502 patients, with a median walking distance of 320 m (268±200 m).
Prior and current therapy Previous therapy for IPF (undergone before entry of the patient into the registry) and current treatment are displayed in figure 4 , and included the following: no drugs in 17.9%; oral steroids in 26.1% (as monotherapy in 6.8%); NAC in 33.7% (as monotherapy in 12.0%, as triple therapy with azathioprine and steroids in 1.4%); pirfenidone in 44.2% (as monotherapy in 26.7%, in combination with NAC in 10.4% and in combination with prednisone in 6.2%); other drugs in 4.6%; anticoagulation irrespective of indication in 20.5%; and long-term oxygen in 33.1%.
Hospitalisation
Within the last 12 months prior to the inclusion visit, 42.9% of patients were hospitalised due to IPF or related events, 3.9% were hospitalised due to events not related to IPF, 9.2% were admitted to emergency departments and 4.5% underwent pulmonary rehabilitation.
Overall judgment
In physicians' overall judgment, 36.3% had stable disease, 30.9% had slow progression, 11.2% had rapid progression and in 21.7% of cases, no judgment was considered possible.
Candidates for lung transplantation A total of 169 (33.7%) patients were aged <66 years and 99 (58.6%) were potential candidates for lung transplantation based on disease severity (FVC <50% pred and/or DLCO <40% pred). Only 14 patients (2.8%), however, were listed for lung transplantation. Data are presented as n. Combination of HRCT and biopsy was analysable for 154 patients. Missing information on UIP was noted in three cases.
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Ancillary comparisons
Incident versus prevalent IPF In the comparison between 331 patients with a known diagnosis of IPF for at least 6 months ( prevalent cases) and newly diagnosed patients (<6 months; "incident cases"), the incident group was significantly older (71.0 versus 67.5 years), had higher proportions of male patients (86.6% versus 73.4%) and patients receiving steroids (12.9% versus 29.3%), and had a higher DLCO (37.7% versus 17.6% pred) (table 1). 
Comparisons with RCTs
Discussion
INSIGHTS-IPF, currently documenting one of the largest IPF cohorts in Europe, uses a comprehensive protocol for data collection, which fulfils current standards [6] . The registry is of particular interest as it investigates the management, response and characteristics of patients after the introduction of the revised ERS/ATS/Latin American Thoracic Society/Japanese Respiratory Society guidelines on IPF in 2011 [1] , and their adaptations in Germany [23] . These guidelines were based on a strict, evidence-based procedure (in contrast to the old guidelines [24] , which were mainly driven by expert opinion [25] ). They introduced a new IPF definition with the need to recognise the specific pattern of UIP on HRCT images of the lungs and/or in the SLB specimens obtained from patients in the appropriate clinical setting. Therefore, datasets collected before 2011 on IPF patients as diagnosed using major and minor criteria as defined in the 2000 ATS/ERS IPF guidelines [24] are of lesser value.
Notably, physicians' individual diagnoses of IPF, which were not necessarily in line with definitions according to the new guidelines, were the eligibility criteria in the study. Nonetheless, the criteria appear to have been adopted early after their introduction: Nine out of 10 patients in our study had an IPF diagnosis based on clinical assessment combined with HRCT and in all but two patients, a definitive/ possible UIP pattern was noted (75.6%/23.7%). Only eight patients had probable disease. Thus, the present registry represents a robust dataset of confirmed IPF patients in line with the new definition. It is notable that additional histological analysis from surgical lung biopsies was reported in 34.1% of patients, even in those with a definitive UIP pattern on HRCT. According to the current ERS/ATS guidelines, this intervention is no longer required to make a diagnosis of IPF in patients with definitive HRCT features of UIP, and should be avoided in these patients due to a significant risk for morbidity and mortality in this fragile patient population. In line with this reasoning, we already observed a decline in the frequency of surgical lung biopsies in the incident patients compared with the prevalent group, which was diagnosed earlier. Interestingly, 61.8% of patients received BAL as an adjunctive test, i.e. the majority of patients. The aforementioned international IPF guidelines state that BAL cellular analysis should not be performed in the diagnostic evaluation of IPF in the majority of patients, but may be appropriate in a minority. In contrast, the German adaptation of the guidelines [23] (in line with other European national guidelines) recommends performing BAL to exclude differential diagnoses [26] .
Overall, the characteristics of patients in INSIGHTS-IPF differed from those in current clinical studies (see four RCT examples in table S1). While ethnicity and sex distribution were generally similar, interestingly, 6-min walk distance was lower in our registry (mean 268 m) than in the RCTs. FVC was similar to PANTHER-NAC, higher than in ASCEND, and lower than in INPULSIS-1 and INPULSIS-2. Furthermore, the % pred DLCO and other lung function parameters indicated more severe disease in the INSIGHTS-IPF cohort. The SGRQ was highest in INSIGHTS-IPF as well, indicating more severe disease with a clinically relevant difference (defined as >5 points) compared with the RCTs [18] . Patients were highly symptomatic and, as expected, dyspnoea was the leading symptom, being present in 85.9% of patients. Bibasilar, inspiratory crackles (dry or "velcro"-type in quality), which have been discussed as an easy and early "screening" method for IPF diagnosis [27, 28] , were noted in only 79.0% of patients, and digital clubbing was reported in only 17.9% of patients, which is considerably less often than in previous studies (25-50%) [29, 30] . While we believe this to be a true finding, as expert centres were involved in this study, the absence of crackles and of clubbing might, alternatively, reflect a lack of documentation, as a reflection of the perceived higher importance of technical findings like HRCT.
As for baseline characteristics, the percentage of patients who never smoked was higher in INSIGHTS-IPF (39%) than in any of the RCTs and the rate of current smokers was also much lower (INSIGHTS-IPF 1% versus 2-7% in RCTs). In the present cohort, IPF occurred about two decades after smoking cessation, which is in line with a patient survey in the USA [31] . This remarkable finding may indicate the existence of a delayed reaction pattern, which may also be relevant for other exposures like organic dusts or metal dust.
A high rate of comorbidities was documented, illustrating the difficulty of treating this vulnerable patient group. This underscores the need for more intense research on the main comorbidities; in particular, cardiovascular diseases, diabetes, pulmonary hypertension, emphysema and reflux. More individualised treatment approaches may be needed to address patient needs.
In the comparison between incident and prevalent IPF patients, significant differences were noted for age, sex distribution, steroid use and DLCO. These differences must be considered with caution, as the group composition depends on an arbitrary time criterion, and immortal time/survival bias and other selection bias may have had substantial influence.
With respect to treatment, overall approaches for IPF have changed substantially in the last decade in the USA [32] and probably also in Europe. In INSIGHTS-IPF, one out of every six patients did not receive any specific drug for IPF at all. These patients did not differ from those in treatment with respect to demographics but had shorter disease duration and less severe disease by lung function parameters. It appears that in selected cases, physicians follow a "wait and see" strategy before the initiation of treatment. While this is in line with current guidelines [1, 23] , it remains unknown whether this strategy is still acceptable, given the availability of therapies and the unpredictable natural course of the disease in individual patients Another reason for not treating might be that, according to current guidelines, no particular drug received a strong recommendation. The most frequently used drug in our registry was pirfenidone, which is currently the only approved agent for IPF treatment in Europe and which has been marketed in Germany since October 2011. Current international guidelines weakly recommend against use of this drug [1] but after thorough discussion of the data available at the time of creation of the German guidelines, it received a weak positive recommendation [23] . Nintedanib, a multi-tyrosine kinase inhibitor, was used in a small subset of patients, which reflects the treatment preferences in specialist centres that were allowed to document patients in the open-label, nonblinded periods of clinical studies. With the availability of the results of the ASCEND pirfenidone study and the INPULSIS-1 and INPULSIS-2 nintedanib studies, the US Food and Drug Administration has already approved both drugs for the whole spectrum of IPF, labelling both drugs as "breakthrough therapies". The European Medicines Agency has also delivered a positive opinion for nintedanib for the treatment of IPF and approval is expected soon. Consequently, it can be expected that the drug utilisation pattern will change in the next few months in practice and, thus, in our registry.
The rate of steroid use was high despite the fact that international guidelines discourage this. Reasons are speculative, but may include treatment of dry cough, previous exacerbations or difficulty in tapering off therapy. A similar pattern in the use of steroids has been described in the RCTs and in a survey of French pulmonologists [33] .
Nearly a third of patients (31.2%) in the INSIGHTS-IPF registry were treated with combination therapy, most frequently including pirfenidone. The combination of prednisone, azathioprine and NAC triple therapy, as investigated in PANTHER-IPF, was compromised by excess deaths, more hospitalisations and a higher prevalence of serious adverse events. This triple therapy, which was the standard of care until 2012, when the PANTHER-IPF study revealed the potential harm of this regimen for IPF patients, was only used in seven patients and, thus, was in line with current recommendations, which allows this therapy in patients who had stabilised or improved under this regime [34] . NAC combined with pirfenidone was often used despite the absence of supportive data; we expect that in view of the negative results of the PANTHER-NAC study, this combination will be abandoned.
Long-term oxygen therapy was more frequently used in INSIGHTS-IPF (31%) than in the CAPACITY study arms (17-28%), again indicating, on average, more severe disease in real clinical practice settings.
It was noteworthy that, though approximately one in five patients (19.7%) were potential candidates for lung transplantation (considering age and lung function), only 3% were actually listed. Considering the strong recommendation for lung transplantation in appropriate patients with IPF [1] , the reasons for this surprising finding need to be explored.
Methodological considerations
The current INSIGHTS-IPF registry is prospective and recruits consecutive patients, thus limiting selection bias. It applies various measures for quality assurance, the most important being systematic plausibility checks as well as on-site monitoring with systematic comparisons between study data and patient files [10, 35] .
The main limitations of this study are those inherent to any registry. Given that this is an observational, nonrandomised study, different biases can obscure any true causal association [36] . Clinical decisions of the treating physicians may assign patients to different drugs based on disease severity, disease duration, presence of comorbidities and other factors. This can potentially introduce allocation or channelling bias and confound the association between treatment and outcomes. In our registry, there is no re-evaluation of patients, which may result in some inclusion of patients with overlapping diagnoses, such as fibrosing nonspecific interstitial pneumonia or other causes of a UIP pattern on HRCT and/or SLB. However, as mainly specialist ILD centres are involved, the quality of diagnoses should be high, and indeed is based on HRCT and biopsy in the great majority of cases. Still, the inclusion of only ILD expert centres might not reflect the true picture of IPF management in Germany. In addition, extrapolation of the results to other, especially non-European, countries may be limited by other factors; for example, the German guidelines differ in some aspects from the international guidelines. Drug therapy may differ as well, especially with regards to pirfenidone, due to its early license in Germany. Derivation of nationwide epidemiological data on the true incidence and prevalence of IPF is not a part of the study, but the registry will provide representative data on the practice of IPF specialist centres and large pulmonary hospitals (referral centres), in which many of the known IPF patients are treated.
In conclusion, first, the present registry suggests that patients with IPF have more severe disease than patients in recent RCTs. Second, in addition to HRCT, biopsies are often taken, which could indicate overdiagnosis of patients, at least in the past. Third, treatment approaches vary substantially. As expected, an important part of the treatment armamentarium is the newly introduced drug pirfenidone. The variety of drugs used for IPF and their combinations indicate uncertainty in identifying individualised optimal treatment approaches for stable patients, severely compromised patients or those with significant comorbidities. Finally, lung transplantation was not commonly considered as a treatment option.
